Islamic glass vessels of the High Middle Ages are renowned for their artistic and aesthetic quality. Among the easily recognisable decorated glass objects are vessels consisting of an intensely coloured body trailed with threads of opaque glass, most often of white colour, typically dragged in a festooned fashion (i.e. the so-called combed decoration) when the glass was still soft and often marvered flat into the surface of the vessel walls 1 . The first comprehensive survey of these marvered Islamic glasses was published by James Allan 2 , who surveyed and summarised the earlier literature on the subject as well as detailing his own considerable knowledge of the material based mostly on the Ashmolean Collection, followed by Stefano Carboni's review of the material in the al-Sabah Collection 3 . Since then, further studies reported more finds, for instance Abstract -Strongly coloured glass vessels decorated with marvered threads of white glass are a wide-spread and popular, but rarely studied group of high-quality glassware of medieval Islamic origin. Relatively little is known about the composition and production places of these vessels, and their chronological range is not very well defined, as many of the published finds lack contextual evidence. Here, we present detailed chemical and microstructural data on a set of well-dated purple glass vessels decorated with white threads, excavated at the Mali Grad site in Brani~evo, Serbia, in an archaeological context dated to the middle/second half of the 12 th century AD. The set comprises at least sixteen different vessels, manufactured from two different batches of probably Levantine plant-ash glass coloured by manganese oxide. Significantly, the results demonstrate that these batches are correlated to particular vessel shapes. The base glass of the white threads is comparable to that of the purple vessel glass, but instead of being coloured by added manganese oxide, it contains considerable amounts of tin and lead oxides which provide the effect of opacity and white colour. No difference in composition can be seen between the white glass threads used to decorate the vessels from the two different manganese-coloured batches, thus indicating a likely common production origin of the whole set.
INTRODUCTION
. Examples of the analysed purple glass vessels with marvered decoration from Brani~evo (Cat. Nos 1, 2, Jovanovi} in this volume; photo: Institute of Archaeology, Belgrade) Sl. 1. Primerci analiziranog purpurnog stakla iz Brani~eva ukra{eni apliciranim nitima (Cat. Nos 1, 2, Jovanovi} u ovom broju Starinara; foto: Arheolo{ki institut, Beograd) small and two large bowls, two flasks, and three large bottles; other fragments indicate the presence of a further three unidentified, highly fragmented vessels, potentially also flasks. From the much larger total number of sherds excavated, 15 fragments representing at least nine of the different vessels were analysed by Bernard Gratuze 11 using Laser Ablation -Inductively Coupled Plasma Mass Spectrometry (LA-ICPMS). On each fragment three spots in the purple glass base and, where possible, a further three spots in the white glass were analysed using well-published conditions and protocols 12 . The Appendix reports the average values of the three measurements per sample, separate for the purple and the white glass, together with the results for the reference glass Corning A, whose composition is assumed known 13 and which was analysed as part of the same analytical sequence as the compositionally unknown glass fragments 14 . From the analysis by LA-ICPMS we identified the presence of two different chemical compositions among the purple glasses (see below); this separation was further supported by portable X-Ray Fluorescence (pXRF) analyses done at the National Museum in Po`arevac using a hand-held Olympus Delta InnovX instrument with modified calibrations based on the instrument's Soil and Mining Plus modes (see below).
To better understand the manufacturing technology of the opaque white decoration, and to explore the reason for the observed internal heterogeneity of the triplicate LA-ICPMS analyses (see below), six of the 15 fragments analysed by LA-ICPMS were selected for further study by optical and scanning electron microscopy. In preparation for this, the samples were embedded in cold-setting transparent resin in such a way that the cross section of the glass would be exposed after grinding and polishing the flat surface of the resin disc, revealing both the purple glass matrix and the white decoration. They were then investigated using a Leica DM2700 Optical Microscope (OM) and a JEOL Scanning Electron Microscope with Energy-Dispersive Spectrometer (SEM-EDS) at the Archaeological Materials Science Laboratories of UCL Qatar.
RESULTS
There are two main characteristics to report regarding the results of the scientific analysis of these glass fragments. Firstly, there is the chemical composition of the glass, separately for the purple bodies and the white threads, as determined by LA-ICPMS. Secondly, there are the textures of the two glass parts on a microscopic level, as visualised and determined by SEM Back-Scatter Electron (BSE) images and EDS analyses for six fragments 15 out of the 15 analysed by LA-ICPMS. Knowing the composition enables us to discuss the production technology and the likely origin of this glass, and whether the different vessels were made all at the same workshop during the same production event, or whether they are from different sources. The texture, in addition, provides us some information regarding the working and colouring processes used to make and decorate the glass vessels.
Composition
The purple glass fragments are a typical sodalime-silica glass, with around 67 wt% silica, 12 to 13 wt% soda, and c 9 wt% lime ( Table 1 ). The presence of 2.5 to 3 wt% magnesia and 1.9 to 2.3 wt% potash indicates the use of plant ash as the flux. The purple colour is due to a manganese oxide content of, on average, 2 to 2.2 wt%, clearly added as a deliberate ingredient of the colouring recipe. Around 2 wt% alumina and around 1 wt% iron oxide are the only other compounds present at the percentage level. This composition matches typical Islamic plant-ash glass compositions known from extensive literature, and is in accordance with the stylistic affiliation of the vessel types and decoration to an Islamic origin.
Within this compositional range we identify two subgroups. Purple 1, with eight analysed samples, has slightly higher concentrations of potash, magnesia (Fig. 2) , and lime, while Purple 2, with seven analysed samples, has slightly higher concentrations of iron and STARINAR LXVIII/2018 127 11 At the laboratory of the Institute de Recherche sur les Archéomatériaux (IRAMAT) -Centre Ernest Babelon, UMR 5060 CNRS/ Université d'Orléans, France. 12 Cf. Gratuze 2016. Three separate spots were placed in the cross sections of the fragments, analysing a volume of glass c 0.06 mm wide and c 0.2 mm deep. An exception is sample BRN 1-09 on which, due to the strong glass heterogeneity of the decoration, nine individual spots were measured, spread over three different areas, and then averaged as three separate results; see Fig. 6a , b and the Appendix -samples BRN 1-09.w(i), BRN 1-09.w(ii), and BRN 1-09.w(iii). 13 Brill 1972; Adlington 2017. 14 The comparison of the measured oxide concentration to values published by Brill (1972), Vicenzi et al. (2002) , Wagner et al. (2012) , and Adlington (2017, Table 3 ) shows an overall good consistency; the main discrepancy was seen in the determined lime concentration, which was analysed c 13% higher than in the published values. 15 Fragments BRN 1-04, 1-05, 1-07, 1-09, 1-13 and 1-14b. manganese oxide (Fig. 3) , and higher levels of some trace elements such as lead, tin, antimony, boron and lithium (Fig. 4 ). The differences in trace element levels between the two subgroups, identified by the LA-ICPMS analyses, were sufficiently clear to be recognised even in the much less accurate and precise pXRF analyses, particularly for antimony, but also tin, lead, and even manganese at the level of major oxide. This enabled us to assign, within the space of a few minutes, specific fragments to either of the two subgroups, as a fast in-situ method without the need for full analysis in a specialist laboratory 16 . In order to confirm the feasibility of such an approach, a few fragments already analysed by LA-ICPMS were measured by pXRF, providing an idea of the extent of credibility of the data 17 . Screening an additional set of c 30 fragments from the assemblage in this manner indicated that all were compatible with either of the two purple glass subgroups, within the limitations of the method (Fig. 5a , b) 18 . This not only confirmed the consistency of the overall assemblage but also helped in assigning some individual fragments to specific vessels.
The opaque white glass has a similar base composition as the purple glass, in that it is also a plant-ash based soda-lime-silica glass. The main difference is that the white glass contains an additional c 5 to 9 wt% tin STARINAR LXVIII/2018 128 16 The full pXRF data is on file at the National Museum in Po`arevac; the details of this work will be published elsewhere in a more technical paper. 17 The purple areas of fragments BRN 1-03, 1-05 (Purple 1) and BRN 1-04, 1-10 (Purple 2) were re-analysed using pXRF (see Fig. 5 ). Based on this internal comparison, we considered the numerical values reported by the pXRF instrument as indicative (labelled as wt% ind. and ppm ind. in the graph) rather than fully quantitative. 18 For methodology and limitations of the pXRF technique in glass analyses see Adlington, Freestone 2017. When considering the compositional results of the white glass samples, one has to bear in mind that these are data from LA-ICPMS, which means that they represent only a microscopically small volume of material 20 . Since the white glass is compositionally heterogeneous (see below), this can result in highly variable measured concentrations, especially of lead and tin oxides, depending on which parts of the heterogeneous glass was ablated by the laser. This is particularly evident in the white decoration of fragment BRN 1-09 analysed in three separate areas (cf. Fig. 6 ).
Thilo REHREN, Anastasia CHOLAKOVA, Sonja JOVANOVI] Composition and texture of a set of marvered glass vessels from 12 th century AD Brani~evo, STARINAR LXVIII/2018 130 19 Cf. Fig. 8a flasks Cat. Nos 13, Jovanovi} in this volume Remarkably, the levels of antimony and copper are significantly lower in the white glass than in the purple glass ( Fig. 7) ; the same is true for other trace elements such as lithium, boron, zinc, strontium and barium. In contrast, some elements, such as arsenic, silver and bismuth, commonly associated in terms of their geological occurrence with lead, are significantly increased in the white glass.
Texture of the purple glass Vessel glass is often considered very homogenous, due to the nature of glass as a melt which solidified without crystallisation. The purple area of fragment BRN 1-13 is an example of such a very homogenous glass ( Fig. 8a, b ). However, all other sampled purple glasses are not entirely homogenous in their texture, but in cross section appear striated with slightly lighter stripes or layers within the predominantly mid-grey 21 matrix (Fig.  9a, b ). These stripes are due to different concentrations of metal oxides in the different layers, with increased lead and tin content in the lighter parts. At higher magnification, discrete particles rich in lead and tin oxide become visible within some of the light striations ( Fig.  9b ). Among the six fragments studied microscopically, this is particularly pronounced in the purple areas of BRN 1-04, 1-09, and 1-14b. BRN 1-05 and 1-07 are less clearly layered, while only BRN 1-13 appears entirely homogenous in the purple glass. There is no correlation between the presence and intensity of layering and the compositional subgrouping; two of the striped fragments belong to Purple 1 subgroup (i.e. samples BRN 1-14b.p, 1-05.p), and three to Purple 2 subgroup (i.e. samples BRN 1-04.p, 1-09.p, and 1-07.p).
Fig. 8. Cross section through fragment BRN 1-13. Note the homogenous body (mid grey) and the white trail marvered into the body (white, upper part, with discrete bright white particles and clusters of tin oxide). SEM-BSE image (a; scale bar is 0.5 mm). Close-up of the left corner of the trail as OM micrograph and as SEM-BSE image showing that the glass is not fully opacified and only the external layer of the trail is rich in tin and lead oxides (b; scale bar is 0.2 mm)
Sl. 8. Presek kroz fragment BRN 1-13. Uo~avaju se homogeno telo (sredwe siva) i bela nit stopqena sa telom posude (bela, gorwi deo, sa diskretnim svetlim belim ~esticama i klasterima oksida kalaja). SEM-BSE slika (a; razmera je 0,5 mm). Detaq levog ugla bele niti kao OM mikrograf slika i kao SEM-BSE slika pokazuje da staklo nije potpuno neprozirno i da je samo spoqa{wi sloj niti bogat oksidima olova i kalaja (b; razmera je 0,2 mm)
The triplicate LA-ICPMS analyses of almost all analysed fragments also show this strong and relatively unusual pattern of compositional heterogeneity, indicating that the molten glass was not very well mixed, and contaminated with some white glass, as demonstrated by the elevated tin and lead content (see below).
The white decoration
The trails of opaque white glass were clearly applied on the outer surface of the purple vessels, as is common for this type of decoration which goes back to the first core-formed glass vessels dating to the Late Bronze Age, and continued to be used through the Hellenistic and Roman to Late Antique periods, into the Islamic period and even into early modern Western Europe 22 . Typically, the trailed decoration was then combed and marvered into the body glass, making a flush and smooth overall surface and feathered design 23 .
While the vessels studied here fall into the group of vessels commonly referred to as 'marvered', it is noteworthy that in several of the Brani~evo fragments this marvering appears not to have been done fully in each case, with some of the white trails left standing proud of the purple glass surface ( Fig. 10a, b; Fig. 11 ).
In other areas, however, the white glass appears fully pressed into the purple glass, as one would expect from properly marvered glass. The marvered working is recognisable in some cross sections, from the sloping boundary between the two glass types, and the dislocation of the striations in the purple glass ( Fig. 12 ; see also Fig. 8) .
As already mentioned, the LA-ICPMS data suggests that the white glass is compositionally quite heterogeneous (see Appendix), and this is also evident from the SEM imaging, in particular if the contrast is adjusted to reveal these differences ( Fig. 13a, b , c). In SEM-BSE images, the white glass also appears white due to its high lead and tin content, in a similar contrast to the optical appearance (cf. Fig. 6b ). Closer inspection and respective SEM-EDS measurements demonstrate that the white glass has variable quantities of tin and lead oxides resulting in a swirled or schlieren appearance typical of incomplete mixing of two viscous liquids. Higher magnification shows the individual discrete particles and bigger clusters of particles of tin oxide which give opacity to the glass, and their uneven distribution in a matrix which is also very variably saturated with lead oxide. The white thread in fragment BRN 1-13 is unusual in that it seems to consist mostly of a thin lead-rich outer layer surrounding a core of weakly coloured glass which is only partly opacified with relatively big particles of tin oxide and, according to the EDS data, contains hardly any lead oxide (see Fig. 8b ). Thus, the texture of the white area of fragment BRN 1-13 provides further evidence of the heterogeneity of the opaque white glass.
DISCUSSION
Several aspects of the results presented here can be discussed that are informative for the understanding and archaeological interpretation of this unique assem-blage. Firstly, there is the question of how the different glass compositions relate to each other, and what this tells us about the working practices of the producers of these vessels. Secondly, there is the question of the origin of the base glass and the nature of the colorants used to produce these colourful objects. Finally, we will briefly discuss how this assemblage compares compositionally to other analysed marvered vessels with white trails.
The working practices of the vessel producers
The assemblage consists of three chemically distinct glasses, namely the two subgroups of the translucent purple -Purple 1 and 2 -and the opaque white glass. The compositional difference between Purple 1 and 2 is only small, but for several oxides and trace elements it is clearly bigger than the variability within each subgroup, indicating that they are indeed two separate subdivisions of the purple glass. On balance, the base chemical makeup of Purple 1 and Purple 2, their colourations, as well as the technique of vessel decoration bind the two subgroups together. Importantly, the opaque white glass on the two purple glasses does not separate into two clearly distinct subgroups, but appears to be chemically consistent, regardless of whether it is applied on Purple 1 or Purple 2. Thus, the white glass was taken from one and the same stock, even if the purple glass is slightly different. One can, therefore, argue that all vessels were probably made in the same workshop, with Purple 1 and Purple 2 representing two different stocks, batches or pots of molten glass, while the opaque white trails, used much more sparingly and in smaller amounts than the purple, were from the same batch for both production series of purple vessels. Important differences between the two purple subgroups are observed in their trace element patterns, particularly in the levels of tin and lead oxide contamination (see Fig. 4 ), where Purple 2 has noticeably higher levels. We argue that the presence of these elements indicates some contamination of the batch by the white glass, possibly by incidental inclusion of white glass pieces (wasters?), or/and perhaps during the working process when the same tools were used to retrieve hot glass and combine it with the purple paraison when forming the vessels. Such a hypothetical explanation is further corroborated by the contamination of the opaque white glass of fragment BRN 1-09. Its adulteration with stripes of purple glass (see Fig. 6 ) represents the opposite effect of the same working practice, i.e. a certain amount of purple glass was accidentally admixed into the white batch. As mentioned above, Purple 2 subgroup features higher SnO 2 and PbO values than Purple 1, and this peculiarity once again confirms the differentiation of the two subgroups, possibly caused by variations of the secondary glass working operations. Nevertheless, the seemingly different trends for the Sn/Pb ratios in the two subgroups (see Fig. 4 ) should be taken with caution since the calculated higher average lead oxide levels in Purple 1 samples may well result from the internal heterogeneity of some of them 24 .
At the same time, Purple 2 has an intriguing pattern of relatively high contamination with antimony oxide (around 290 ppm on average compared to only c 75 ppm in Purple 1); the white glass, in contrast, has even less antimony, with only about 15 ppm Sb 2 O 3 (see Fig.  7 ), close to the natural background concentration of this oxide in glassmaking raw materials 25 . The copper content is variable but also higher (at trace oxide level) in the analysed purple fragments than in the white glass, and this pattern is overall indicative of a further source of contamination of the purple batches. Increased levels of elements which can affect the colour of the glass (e.g. copper, cobalt, antimony, etc.), which are, however, significantly lower than those of purposely used additives, have long been recognised to denote contamination of raw glass with cullet containing small amounts of coloured fragments 26 . Accordingly, we interpret the current data as evidence of the addition of certain amounts of cullet glass, particularly in the purple melts. Such mixing could have taken place either at the stage of primary glass making, or in the secondary glass workshop where the actual vessel manufacture took place, or possibly even at both stages of production 27 .
An even more detailed insight into this practice of cullet re-melting can be inferred from the differences at trace element level between Purple 1 and Purple 2. Samples of the Purple 2 subgroup feature the highest boron concentrations in this assemblage which set them apart from the other purple glass and the white glass ( Fig. 14) . Traces of boron are usually present in the raw materials used in glass making but such an abrupt increase of B 2 O 3 concentrations as seen in Purple 2 (even if still being at trace oxide level) could indicate an additional source of this element in the glass melt. High-boron glasses of the Middle Byzantine period, approximately contemporaneous with the vessel assemblage from Brani~evo, form a well distinguishable category of various chemical compositions, which is likely related to specific raw materials from Western Anatolia 28 . Recently, a particular link between these compositions and manufacture of 10 th -12 th c. Byzantine glass bracelets has been proposed 29 . As suggested above, the cullet inclusion in the purple batches seems quite probable, and the increased B 2 O 3 levels in Purple 2 allow further hypothesizing that at least a certain part of that reused glass was of high-boron composition. This, in turn, could be interpreted as evidence for an 24 The heterogeneity of Purple 1 subgroup is particularly pronounced for the PbO content of samples BRN 1-05 and BRN 1-11. The coefficient of variation between the triple individual PbO measurements for the Purple 1 samples typically ranges between c 6% and 27%, while for samples BRN 1-05 and BRN 1-11 it is 57% and 103%, respectively. The highest PbO level is nearly 8000 ppm, measured on BRN 1-05, and the lowest individual measurement on the same sample is c 1000 ppm. 25 unselective and possibly ad hoc recycling practice which could have taken place in the workshop of the vessel manufacturers, causing minor compositional variations between the different batches of purple glass. Overall, we interpret the chemical composition of the Brani~evo assemblage to indicate that the analysed vessels were made in two separate production events, but most likely in the same workshop which used slightly different batches of purple glass. This could have been either on two different days, or even at the same time, using two separate pots of molten glass from which glass blowers worked side-by-side. It is noteworthy that it seems that a single stock of white glass was used during both production episodes. From the trace element concentrations we recognise the incorporation of some cullet containing certain amounts of copper in the purple batches, and antimony and boron in the Purple 2 batch in particular. Such an indiscriminate recycling could indicate relatively unsophisticated production practices, as is further corroborated by the reciprocal contamination of the purple and white batches, possibly resulting from not too attentive or skilful tool manipulation by the craftsmen when applying the vessel decoration.
Finally, when comparing the purple compositional subgroups and vessel shapes, it is evident that the bottles and the analysed bigger bowl are made of Purple 2 glass, while the smaller bowls and flasks are Purple 1 (see Appendix). The correlation between glass compositions and vessel shapes within a single set, likely manufactured in a single workshop, provides an intriguing glimpse at the organisation of the craftsmen. It seems possible that relatively standard series of uniform vessels were made from a single batch -e.g. bottles with handles made of Purple 2 glass only -either by a single (specialised?) glassblower, or by several craftsmen simultaneously implementing identical production tasks.
The origin of the glass, and its colouration
The composition and provenance of Islamic glass from the late 1 st and early 2 nd millennium AD has been the subject of numerous studies 30 , which provide a sound body of comparative data against which to juxtapose the composition of the vessels from Brani~evo. In this way, it is possible to broadly specify the production region from which the glass used for the manufacture of the set originated. Such an attribution, however, would only locate the production of the raw glass itself, and does not imply that the vessels as objects were necessarily manufactured in the same region. This is due to the organisation of the medieval Near Eastern glass industry which was likely divided into technologically, and possibly also spatially, separate stages of glass making and glass working 31 .
As mentioned earlier, the analysed purple and white samples generally match the common Islamic soda 30 plant-ash glass composition, as could also be expected on the basis of the stylistic features of the vessels. Among the several major regions known to have produced glass in the early 2 nd millennium AD Byzantine and Near Eastern Islamic worlds 32 , the Levantine coast and the adjacent territories seem to provide the closest compositional parallels of the Brani~evo assemblage. It is beyond the scope of this paper to present a thorough comparison of the Brani~evo samples with the known glass makeup from this region, not least because of the variable extent of compatibility between the available literature data. Nevertheless, some general compositional affiliations are outlined below, based on two diagnostic major oxides. A scatter graph of the alumina and magnesia levels in the present samples shows how they relate to some of the published analytical sets from the Levantine 32 These regions include Egypt, the Levantine coast, Mesopotamia and Iran, and Western Anatolia, with the latter two being ruled out based on their specific trace element pattern. The differentiation between glass of Egyptian and Levantine origin is less clear-cut, and for now better understood for earlier mineral natron glasses than for medieval plant-ash glasses. region, broadly dated to c 10 th -12 th /14 th c. AD (Fig.  15 ). Since the added tin and lead oxides in the opaque Brani~evo samples significantly distort the original composition of the raw glass, the values for all the white glass in this plot are recalculated in order to make them consistent with the rest of the data (see Table 1) 33 .
As expected, the Purple 1 and Purple 2 subgroups form a tight single cluster featuring relatively high alumina concentrations. As mentioned above, we tentatively interpret the internal differentiation of this cluster as a result of minor variations between the two batches and glass mixing which have no significance in regard to glass provenancing. Remarkably, the recalculated base composition of the opaque white samples has lower alumina and, on average, slightly higher magnesia than the purple glass. Such Al 2 O 3 values (mean c 1.3 wt%) associate the base glass of the Brani~evo decoration with the composition found in chunk glass samples from a secondary production site in Banias (Northern Israel) dated to the 10 th /11 th -13 th c. AD 34 . Samples of 12 th -14 th c. vessel glass from Damascus (Syria), broadly from the same inland Levantine region, also display comparable alumina and magnesia levels 35 .
In contrast, the purple samples from Brani~evo fall into the area of the Serce Limani glass -a vast shipwreck assemblage of vessels, cullet and raw chunks of Levantine/Syrian provenance, found off the South-Western Anatolian coast of Turkey, near Rhodes, and dated to the third decade of the 11 th c. AD 36 . These glasses have generally higher alumina and also more variable magnesia levels. A similar trend of negative correlation of Al 2 O 3 and MgO is seen in a late 10 thearly 12 th c. assemblage of glass bracelets from Hisn al-Tñnåt (Turkey), at the North-Western edge of the Levantine coast 37 . The samples from the large primary glass production furnaces excavated in Tyre (Lebanon) on the Levantine coast and tentatively dated to the 10 th -11 th c. should also be mentioned here, despite their broader range of MgO, since a common regional origin of the Tyre composition and the Serce Limani glass can possibly be recognised 38 .
Such a summarised overview of the compositional analogies of the Brani~evo samples confirms the differentiation of the opaque white and the purple glasses in terms of their base chemical makeup, and may suggest that they possibly come from different production zones within the broader Levantine region. This would imply that the workshop where the vessel set was manufactured procured its raw materials from more than one source. Nevertheless, provenancing plant-ash glass on the basis of major oxides only may not be entirely straightforward or conclusive because of the variability of the plant ash component 39 as well as due to the dynamic connections and exchange of raw materials which likely existed between the different production centres within the Levant and beyond 40 . Some isotope studies, for example, suggested that the Banias glass was probably produced, like the Tyre glass, on the Mediterranean coast instead of in the inland Levant, but these two littoral production centres used plant ashes procured from different areas 41 . Furthermore, on the basis of isotope data, a common origin of the plant ash used in Tyre and the North Syrian production centre at al-Raqqa has been proposed 42 .
Apparently, complex phenomena of technological and economic interactions developed between the glass production regions in the medieval Levant and on a wider geographical scale. In this context, a secondary workshop, such as the one that manufactured the Bra-ni~evo vessels, could probably have been supplied with raw glass, cullet and possibly even prefabricated opacified glass (see below) from various sources. Therefore, associating its production with a particular primary production centre within the Levant may not be plausible at the present stage of research.
Regarding the colouration of the analysed samples, it was previously mentioned that the purple colour is 33 This recalculation excluded SnO 2 and PbO, and the remaining composition was re-cast to 100% to represent the base glass used to produce the opaque white composition, similar to the approach of 'reduced composition ' in Brill 2009, 482 Fig. 15 as it is supposed to be an outlier. 39 Freestone 2006, 205, 212; Degryse et al. 2010 , 83. 40 Henderson et al. 2009 , 426. 41 Degryse et al. 2010 , 89. 42 Freestone et al. 2009  for al-Raqqa glass see Henderson et al. 2004 . The plant-ash glass of subtype 1 found at the Tell Fukhkhar site in 11 th c. AD al-Raqqa has, on average, slightly higher MgO than the Brani~evo samples (Fig. 15 ). caused by higher levels of manganese oxide 43 . Besides the intentionally added MnO, there are higher strontium, barium and iron contents in the purple compositions, with Fe 2 O 3 particularly higher in Purple 2. Rather than weakening our argument for a close chemical similarity to the Levantine glasses which typically have lower levels of these elements, we argue that these differences are a direct consequence of the added manganese mineral. This is most clearly argued for barium, the concentration of which in the purple glass is closely correlated with the manganese concentrations, reflecting the known geological correlation of the two elements in barium-containing manganese minerals. However, the added Mn-bearing material was possibly a mixture of different minerals, some rich in manganese, others rich in iron (and possibly also titanium and aluminium), which accordingly increased the iron oxide content of the purple glasses even though no direct Mn-Fe correlation can be identified 44 .
The opaque white glass of the Brani~evo vessels is produced by adding tin and lead oxide to common transparent and, most probably, decolourised or slightly tinted base glass. The opacity and the white colour result from the minute tin oxide particles dispersed in the glass, while lead is typically dissolved in the glass matrix, helping to lower the range of temperatures at which glass is sufficiently soft to be shaped 45 . Such particular working properties of the opaque white glass, even if probably not deliberately sought, were certainly necessary when the soft threads were applied onto the vessel walls and dragged up to form the festoon pattern, while at the same time the purple vessel itself had to be kept stable and not deformed by the contact with the viscous white glass.
The analytical study of Islamic marvered vessels by J. Henderson found the same additives in the opaque white thread decorations 46 . Furthermore, an identical production technology of mixing base plant-ash sodalime-silica glass with tin and lead oxides is recognised in pre-fritted tin white enamels of the later Islamic glasses of the 13 th -14 th c 47 . A comparison of these data and the Brani~evo samples demonstrates that all opaque white decorations have similar levels of SnO 2 and PbO, with the Brani~evo samples featuring generally lower tin oxide concentrations (Fig. 16) . Interestingly, the trend of a pronounced heterogeneity of the glass and incomplete mixing of the additives mentioned above is also noticed in some tin white enamel samples 48 .
Previous research suggested that opaque glass production possibly formed a more specialised section of the Islamic glass industry because of the particular knowledge and skills required regarding the opacifying technology 49 . Hypothetically, this includes the distribution of prefabricated coloured glass as raw material to secondary workshops. The differences between the base composition of the purple and the opaque white samples from Brani~evo could be interpreted as an indirect corroboration of such a hypothesis. At the least, these differences rule out the possibility that both colours were produced in the glass blowers' atelier using one and the same starting batch of common base glass. It seems plausible that the white glass was brought as readymade raw material to the glass blowers' workshop and was used there without further compositional modifications (apart from the contamination with purple glass) in the two separate production events of Purple 1 and Purple 2 vessel manufacture.
Comparison with other Islamic marvered vessels
The extent of published analytical data on Islamic marvered glasses available from the literature is relatively limited. The most comprehensive research is the already mentioned study by J. Henderson 50 , who presents compositional analyses of 26 different objects 43 It is suggested that manganese was added in Islamic plantash glasses already at the primary stage of production in order to improve their colour and texture, and this addition may not have been according to a strictly controlled recipe (Freestone 2002, 76) . However, it is not clear whether higher manganese concentrations used to obtain purple glass colour were added during the primary glass making, or at the stage of secondary glass working. Significantly, the dark purple colour of marvered vessels is presumed to be characteristic of Syrian workshops (Carboni 2001, 305) , further supporting the proposed Levantine origin of the glass of the Branievo vessels. 44 Cf. Henderson 1995, 37. 45 Previous studies on Islamic white enamels have demonstrated that the significant levels of lead oxide facilitate lower softening temperatures of the enamel, while also providing an increased opacity effect due to the complex processes of tin particles recrystallisation -see Freestone, Stapleton 1998, 126; Salvant et al. 2016, 10. 46 Henderson 1995, Table 2 . 47 Freestone, Stapleton 1998, 125, 126-127, Table 3 ; Wypyski 2010, 113. However, certain compositional differences between opaque white marvered decoration and white enamels are also noted -Henderson 1995 , 40-41. 48 Freestone, Stapleton 1998 , 125. 49 Henderson 1995 , 40. 50 Henderson 1995 from the Ashmolean Museum's collection, including 13 opaque white trails and 16 transparent purple bodies. The majority of these finds come from Fustat (Egypt) but unfortunately lack clear archaeological context and dating 51 . Five samples of white-marvered and threaded glass fragments of brown colour are published among the analysed finds from the Monastery of Wadi al-Tør in Sinai (Egypt), typically of a post 10 th c. AD date 52 . Finally, a fragmented white-marvered vessel of reddish brown colour excavated at Pergamon (Turkey) is dated to the 12 th -13 th c. AD 53 . Significantly, there is no compositional match between these published samples and the glass of the vessel bodies from Brani~evo, even though the decoration and stylistic features of the objects define all of them as belonging to the group of marvered Islamic glass.
The vessels in the Ashmolean collection have generally higher magnesia levels which are comparable, for instance, to the 11 th c. AD plant-ash glass found in Northern Syria (Fig. 15 ) 54 . Furthermore, the Ashmolean samples of purple vessel glass demonstrate a wide compositional range, not forming a clearly defined 51 Allan 1995, 7-9. 52 Kato et al. 2010 , minor type III, 1393 Rehren et al. 2015, sample PER062, Fig. 2f (the label in the figure wrongly attributes this sample to the plant ash glass group of Pergamon; it in fact belongs to the HBAl / High Boron Alumina group, see Table 2 , p. 270). 54 Cf. Henderson et al. 2004 , Table 3 , Fig. 3 -the 11 th c. AD Tell Fukhkhar plant-ash glass of subtype 1. Fig. 16 . The lead oxide (PbO) and tin oxide (SnO 2 ) levels in the opaque white glass are similar to the values found in the marvered white threads of the Islamic glass in the Ashmolean Museum (data from Henderson 1995) and in the tin white enamel decoration of the Islamic vessels in the British Museum (data from Freestone, Stapleton 1998) . Note the lower SnO 2 content of the present samples; the tight positive correlation of the two additives in the Brani~evo glasses strongly suggests that they come from a single batch, as opposed to the more dispersed pattern of the Ashmolean and British Museum datasets obtained from vessels of diverse origins Sl. 16. Vrednosti oksida olova (PbO) i kalaja (SnO 2 ) u neprozirnom belom staklu sli~ne su vrednostima na|enim u apliciranim belim nitima u islamskom staklu u muzeju E{molijen (podaci iz: Henderson 1995) i u kalajnobeloj emajliranoj dekoraciji islamskih posuda u Britanskom muzeju (podaci iz: Freestone, Stapleton 1998) . Obratiti pa`wu na ni`i nivo SnO 2 u prisutnim uzorcima; ~vrsta pozitivna korelacija dva dodata oksida u staklu iz Brani~eva dokaz je da poti~u iz jedinstvene smese, nasuprot druga~ijem obrascu u setovima podataka dobijenih kod posuda koje imaju razli~ito poreklo cluster, as opposed to the tight grouping of the Branievo purple glasses. On the other hand, the samples from Sinai have a particular chemical pattern which resembles glasses of Egyptian provenance (e.g. elevated titania associated with a combination of higher alumina values and relatively low concentrations of lime), which distinctly sets them apart from the common Levantine glass makeup. In this respect, the Pergamon example is similar to the samples from Sinai but also features considerably elevated alumina (Al 2 O 3 >8wt%) and high boron levels, indicating yet another production origin of the raw glass used in Islamic marvered vessel production.
This diversity of chemical glass compositions found across a fairly small and unsystematic database of available analytical results is not surprising, given that the manufacture of vessels with marvered trails is associated with different wider regions (e.g. Egypt and Syria 55 ) and particular cities (e.g. Jerusalem 56 ). It seems possible that, in fact, the Islamic marvered glass represents an inter-regional phenomenon of shared and replicated aesthetic trends and fashion, rather than production of a specific artisanal centre which could be characterised by a distinct chemical glass composition.
Such a complex and non-centralised model, probably with its own dynamics over time, tentatively reconstructed on the basis of glass chemistry, is also confirmed by the diversity of techniques of applying the trails. As previously mentioned, the decoration of the Brani~evo vessels does not seem to be fully marvered in all areas, as usually seen with such objects 57 . The smear-like strokes of some of the festoons are not compatible with the typical technique of marvered trails 58 . This suggests that the glass blowers probably tried to imitate, with their supplies of raw materials and at their level of proficiency, the appearance of the fashionable ornamentation without being closely familiar with the genuine ways of creating combed patterns.
CONCLUSION
The studied set from Brani~evo is unique in terms of the extent of the assemblage and the securely-dated archaeological context, and for the first time offering the opportunity for a detailed chemical characterisation. Even if stylistically homogenous, the assemblage forms two distinct though compositionally closely related groups of purple glass, linked further by the opaque white glass, indicating their origin from the same workshop but from different batches and production events. Both batches of purple glass have evidence of recycling in the base glass, and differ in the amount of added manganese, the purple colorant. They also have clear evidence of contamination with traces of the opaque white glass. The base compositions of the purple and the opaque white glasses are likely of Levantine origin. Nevertheless, such a provenancing does not necessarily indicate that the vessels themselves were manufactured in the Levant because of the division of the glass industry into primary glass making and secondary glass working stages.
For now, there are still not sufficiently large numbers of samples analysed for firm conclusions to be drawn, but apparently the marvered glasses do not form a consistent production group. The diversity of the glass compositions attested so far should not be unexpected if the popularity of the fashion had triggered the spread of this ornamental style and its further imitations in numerous workshops across the Islamic Near East -workshops which could have procured glass from various regions, hence with different chemical compositions. Nevertheless, the possibility of a more standardised production of the opaque white glass and its distribution as prefabricated raw material for the secondary glass workshops should not be ignored.
Further data from analytical research and thorough artefact studies would help to identify possible correlations between the chronologies, regions of distribution, vessel shapes, decoration techniques and glass chemistry within the apparently broader and diverse group of Islamic marvered vessels.
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